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Abstract
Nanofibers form the broadest class of nanomaterials due to their unique properties.
High surface-area-to-volume ratios,  low diameters,  high strength values,  low basis
weights, high porosities, and small pore sizes make them good candidates for numerous
applications.  Cosmetics  are  one  of  these  important  application  areas.  Excellent
interaction with environment (e.g., skin or damaged tissue), increased loading capacity
for agents, high liquid absorption capacities, high oxygen, and water vapor permeabil‐
ity values are provided by characteristic properties of nanofibers. They are used as
therapeutics, facial masks, skin care, and renewal products. This chapter will provide
an overview of nanofibers in cosmetics. A brief history of cosmetics, different types of
nanomaterials used in cosmetics, nanofiber properties, and production methods are
described  in  this  chapter.  Novel  applications  of  nanofibers  in  cosmetics  are  also
mentioned.
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1. Introduction
To be admired and look beautiful are two basic phenomena that exist in human nature. Seeming
beautiful and clear and feeling admiration increase people’s self-confidence and make them
satisfied in terms of psychology. Besides seeming good and well-groomed, requirement for
personal care increases the popularity of usage of cosmetics. The use of cosmetics is based on
the ancient age. Archaeological excavations have proved that cosmetics have been commonly
used in ancient Egypt. Dyes and paints that are used for coloring the skin and oils and per‐
fumes that are used for personal hygiene were the earliest cosmetic products [1]. Although
cosmetics were used in ancient age, they have become widespread in the 1900s and during the
World War II and more conscious approaches for cosmetics usage have begun to be shown [2,
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3]. As in every field, with the developments in cosmetics, qualities of cosmetic products used
nowadays are enhanced and diversities of these products are increased. Especially, insertion of
nanomaterials  (nanofibers,  nanoparticles,  nanoliposomes,  nanopigments,  etc.)  into  the
structures of cosmetics has given a new point of view to the cosmetic sector [4, 5].
Ancient Greek word “nanos” that means dwarf is used to describe the physical magnitudes in
orders of 10−9. Nanomaterials can be defined as materials having controllable sizes of 100 nm
or less. Nanomaterials with enhanced properties are obtained by the reason of the fact that
sizes at nano scales affect the structural, mechanical, thermal, thermo-dynamical, kinetical,
and electrical properties of materials [6]. Since the discovery of these nanomaterials, rapidly
increasing interest has been shown by the academic world and this has led to the production
of various nanomaterials for diverse sets of applications. One of these application areas is
cosmetics.
The usage of nanomaterials in cosmetics has continued for 40 years and has become popular
since 1990s. The first usage of nanomaterials in cosmetics has been seen in moisturizers with
liposomes. Nowadays, nanomaterials are widely used in sunscreen creams, anti-aging creams,
hair products (such as anti-hairloss, anti-hairgraying, etc.), facial masks, and toothpastes [4,
5]. Also, personal care cosmetic products such as soap, shampoo, bronzer, moisturizer,
foundation, and lip sticks are other examples of cosmetics that uses nanostructured materi‐
als [7, 8]. Besides personal care, researchers have been focusing on skin health care during the
last decades. Skin wound healing, drug/agent delivery to skin for anti-wrinkle, and anti-aging
purposes, and artificial skin applications are some challenging nanomaterial applications in
cosmetics.
2. Nanomaterials in cosmetics
An engineered nanomaterial is defined as a material that is intentionally produced as having
at least one dimension between the range of 1 and 100 nm [9]. Nanomaterials’ molecular
structure and advanced interactions with the environment are the two important factors that
affect preference of nanomaterials in cosmetics [10]. The nanomaterials used in cosmetics can
be classified as nanoemulsions, nanoliposomes, nanopigments, and nanofibers. These are all
used in sunscreens, skin creams, hair products, and oral hygiene products [11].
2.1. Nanoemulsions
Nanoemulsions are defined as transparent or translucent liquid dispersion systems which are
thermodynamically or kinetically stable. They contain nanometric sized droplets of water and
oil. A surfactant is also found in the dispersion. There are three types of nanoemulsions
depending on the composition: oil in water nanoemulsion (continuous aqueous phase where
oil droplets are dispersed in), water in oil nanoemulsion (continuous oil phase where water
droplets are dispersed in), and bicontinuous nanoemulsion (system where oil and water are
interdispersed in) [12–16]. High pressure homogenization, microfluidization, phase inver‐
sion, sonication, ultrasonic system, and jet disperser methods are some methods that are used
for the preparations of nanoemulsions [14, 15]. Physicochemical characterization of nanoe‐
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mulsions can be performed by particle size analysis, rheological measurements, refractive
index, and surface tension tests [14].
There are some advantages of nanoemulsions than the other types of emulsions, such as macro-
and microemulsions. The amount of surfactant is lower in nanoemulsions when compared to
microemulsions [17]. The advantages in terms of optical, tactile, and texture properties make
nanoemulsions attractive in cosmetics. The problems like inherent creaming, flocculation,
coalescence, and sedimentation that occur in macroemulsions and even in microemulsions
have not been met in nanoemulsions due to their small droplet sizes which enhance transpar‐
ent view and fluid properties [15, 18–20]. Reducing the sizes of emulsions to nanometers
provides an increase in the content of nourishing oil, and by this means, the transparency and
the lightness of the formula are preserved. Also, allowing fragilely transport of the active
ingredient (like vitamins) to the skin by means of higher surface area is another advantage [11].
Properties such as freshness, purity, simplicity, and rapid penetration make nanoemulsions
valuable for the cosmetic industry [12, 18, 21–23].
Sun care products, moisturizing and anti-aging creams, conditioners, and lotions are some of
the examples of nanoemulsions. Another attractive example of oil-in-water form of nanoe‐
mulsions is polyethylene glycol emulsifier-free emulsions that have low-viscosity. With the
advent of its moisturizing effect and low viscosity oil in water emulsions, it is used in emulsion-
based wet wipes for baby-care and make-up removal. In addition to these products, nanoe‐
mulsions have potentials for personal hair products. For dry hairs, extended effect provided
by cationic nanoemulsions usage makes hair gain less brittle, nongreasy, and shiny [12, 15, 24,
25]. Also, coenzyme encapsulated nanoemulsions enhance the collagen synthesis of fibro‐
blasts. Cell culture studies revealed that there was an increase in the secretion of collagen when
studied with coenzyme added nanoemulsion [26].
2.2. Nanoliposomes
Nanoliposome, as a term, means nanoscaled bilayered lipid vesicles or liposomes in the low
nanometer size range. Phospholipid molecules of components combine in an aqueous solution
to give a colloidal structure. This structure preserves its nanometric size during storage and
application period in virtue of polar and nonpolar regions of bilayer forming molecules.
Nanoliposomes have the same physical, structural, and thermodynamical properties and also
have the same way of formation with liposomes. Formation of both depends on the hydro‐
philic–hydrophobic interaction between phospholipids and water molecules [27–29]. There
are various methods to produce nanoliposomes. High-pressure homogenization is one of the
techniques and is used to produce liposomes ranging from 20 to 50 nm in size. Some of the
other methods for producing nanoliposomes are sonication technique, extrusion method,
microfluidization, heating method, and Mozafari method. Characterization of nanolipo‐
somes may be performed by electron microscopy, radiotracers, fluorescence quenching,
ultrasonic absorption, electron spin resonance spectroscopy, and nuclear magnetic reso‐
nance spectroscopy. Visual appearance, size distribution, stability, zeta potential, lamellarity,
and entrapment efficiency may be investigated [30, 31].
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Encapsulation and delivery of bioactive agents can be achieved by nanoliposomes. These can
be used in cosmetics, nutraceuticals, and pharmaceuticals. In cosmetic sector, nanolipo‐
somes are important because of their nanosized structure. They do not clog skin pores and
allow penetration of air and water soluble materials, while the many types of cosmetic products
cause accumulation of oil layer on the skin and block passing of air, water, vitamin, etc. through
the skin. Benefiting from these features, some trademarks claim that they produce cosmetics
with immediate lifting effect. As a result, nanoliposomes give wrinkleless effect to the skin
appearance [31–33].
2.3. Nanopigments
Dispersions of organic and inorganic nanopigments have been used in various applications
such as printing, paints, coatings, cosmetics, and color filter arrays for the display industry.
Nanopigments or pigment nanoparticles which differ from the bulk materials are functional
nanomaterials that are used in the cosmetics industry with a gradually broadening trend. The
nanoinorganic pigments having particle sizes less than 100 nm are considered as an insolu‐
ble and chemically and physically inert into the substrate or binders [34–36].
Nanopigments have the advantage of consisting ultrasmall particles, and certainly, the
dispersion of ultrasmall particles in solvents is easier than the larger ones. Also, their small
shape enables more stable dispersion because the gravity can be ignored with regard to the
other forces like van der Waals forces. Another advantage is the ability of forming closed
packed films. Capillary force of small particles is greater than that of large particles [34].
Nanopigments already exist in our natural environment. Titanium dioxide (TiO2) and zinc
oxide (ZnO) are the well-known examples of nanopigments. Since they have unique capaci‐
ty to reflect UV light, they are commonly used in sunscreens. They protect human skin against
damages like skin cancer arising from UV radiation [37]. Other examples in the cosmetic
market are firming lotions, bronzers, exfoliant scrubs, eye liners, hair coloring products, and
styling gels [38–40]. Nanoaluminum oxide having the feature of diffusing the light with
concealers and mineral foundations provide smooth effect to wrinkled areas on the face. Mica-
based pigments are also used in cosmetics since they give pearlescent effect [35, 36, 39].
2.4. Nanofibers
Nanofibers are the last and the largest of nanomaterials used in cosmetics and are discussed
in detail in Section 3.
3. Nanofibers: definition and properties
Fiber is defined as a unit of matter characterized by length, fineness, and high ratio of length
to thickness by the Textile Institute [41]. Nanofibers are characterized as nanomaterials that
have at least one dimension, that is, 100 nm or less, according to the definition of American
National Science Foundation [42, 43]. Nanofibers are classified as one-dimensional (1D)
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nanomaterials (having a degree of freedom in one direction). Apart from the definition in
textiles, nanofibers are defined as fibers that have a minimum ratio of length to thickness of
1000:1 [44].
Properties of nanofibers can be specified as having low unit length (diameter), high surface-
area-to-volume ratio, high strength value, low basis weight, high porosity, and small pore
size [45–48]. These make them indispensable in numerous applications.
Increasing the number of fibers in a unit volume can be achieved by decreasing the diame‐
ters of fibers and by migrating atoms from the bulk to the surface. This leads to an increase in
surface-area-to-volume ratio, and hence the enhanced liquid absorption capacities and
increased retention levels of functional groups, ions, particulates, or agents are obtained. High
contact surface area between nanofibers and skin provides delivery of cosmetic agents to the
deeper skin parts. All these mean advancement in the activities of materials including
nanofibers instead of micro ones (Figure 1).
Figure 1. An exaggerated drawing of migration of atoms from bulk to surface and variation of properties with size.
The other properties enhanced by size reduction are the oxygen and water vapor permeabil‐
ity capabilities. According to high porosities and low pore diameters observed in nanofiber
mats, breathable cosmetics can be successfully produced. This gains importance in terms of
dermocosmetics that comprises cleaners, moisturers, and photoprotectors [49].
Mechanical strength of nanofibers is significant in terms of usage as artificial skin mats [50].
Since the mechanical properties of polymers are determined by molecular structure, weight,
and orientation, polymer nanofibers that can be produced as highly molecularly oriented by
fiber production methods serve as good templates in artificial skin applications. Low basis
weight of nanofiber mats is the other great property.
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4. Production methods of nanofibers
Nanofibers have been designed by choosing suitable polymers, convenient additives, and
proper production methods to meet the requirements of their specific application area.
Nanofibers are produced by lots of methods such as self-assembly, drawing, meltblowing,
template synthesis, phase separation, melt spinning, centrifugal spinning, and electrospin‐
ning [51]. Flash spinning is a modified spunbond method and is also considered as one of the
nanofiber production methods in some references [52]. The method is based on the forma‐
tion of fibrillar formed filaments by extrusion through a spinneret and removal of solvent. But
there is a lowest limit of about 1 μm for nanofiber diameters [53].
Although nanofibers can be achieved by the abovementioned methods, electrospinning is the
unique method for the production of nanofibers in cosmetics. All the methods are described
briefly except electrospinning, which is discussed elaborately because of its prevalence.
All the methods require sensitiveness at different levels due to the complexity of the process.
Since the production is made in nanometer ranges, it should be avoided from atmospheric
contaminations. If a visible threshold of about 40 μm is considered, the importance of clean
process environment will be well understood.
4.1. Self-assembly
Self-assembly is the only nanofiber production method that benefit from bottom-up ap‐
proach [54]. The term “self” corresponds to formation of molecules and molecular chains by
atoms, finally forming fibers by molecular chains with minimum external effect [55]. The
mechanism is based on formation of up structures (nanoscaled fibers) from bottom struc‐
tures (molecules). The drawbacks of the method are complication of process and uncontrol‐
lable fiber diameters [56]. Leibmann et al. have found that self-assembled spider silk nanofibers
and microbeads have potentials to be used in cosmetics and pharma [57].
4.2. Drawing
Drawing of individual nanofibers is achieved by a micromanipulator probe taking a little
amount of polymer from the viscoelastic polymer solution droplet placed on a flat surface.
Probe takes this little amount of polymer on and then draws it at a slow constant rate. By the
contact of probe onto the flat surface at a distance adequate for fiber length, individual fibers
are succeeded. Drawing rate and solvent evaporation rate are the important process parame‐
ters [56, 58, 59]. Polycaprolactone, polyethylene oxide, hyaluronic acid, fish gelatin blend, and
polymethylmethacrylate are the biopolymer nanofibers formed by the drawing method [60],
and in addition these, polymer nanofibers can be used as skin tissue scaffolds or skin wound
healers.
4.3. Meltblowing
High flow rate of hot air is contacted with polymer extruding out of a capillary tip. Nanofib‐
ers are formed at a very short time [61]. The viscosity of the polymer melt should allow
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sufficient thinning of nanofibers in this process [62]. In this method, nanofibers of approx. 250
nm diameter can be obtained with low cost by using thermoplastic polymers [63]. The most
common applications of meltblown nanofiber mats are filtering applications [64, 65]. Wet
wipes constitutes the other class of applications [66, 67]. Also, a pack of cosmetic facial mask
including a meltblown fiber mat layer was presented by Choi and Lee [68].
4.4. Template synthesis
As it is understood from the name of the method, templates are used for the production of
nanofibers. Electrochemical, chemical, sol-gel, and chemical vapor deposition are some types
of template synthesis [69]. Fiber diameters are determined by pore sizes of the templates. Since
the process needs preliminary preparation (e.g., preparation of metal oxide nanoporous
membranes), it is time consuming. Tao and Desai have pointed out the usage of biodegrada‐
ble polymers for the production of template synthesized nanofibers for tissue engineering
applications [70].
4.5. Phase separation
Basic principle of the phase separation is the formation of polymer-rich and polymer-poor
phases and formation of nanofibrous structure after the removal of polymer-poor phase. A
3D fibrous structure is obtained instead of mats composed of individual fibers [56, 71].
Type of solvent and polymer, concentration of polymer solution, and temperature are the key
parameters that affect the process [71]. Although there are limitations about the polymers that
can be used in this method, there is an advantage of adjusting the mechanical properties by
changing polymer concentration. Minimum equipment requirement is the other advantage
[56, 72].
4.6. Melt spinning
In this continuous process, melt is drawn first and then fiber is wound with a faster rate than
in extrusion [73]. Bicomponent spinning is a modified melt spinning method in which
unconventional spinnerets are used. As it is obvious from the name of the method, two
components are extruded through the spinneret, and then one component is removed and the
other one remains [74]. Different spinneret designs may be used in the production. Islands in
the sea model is the most used one [75]. Fibers approximately with diameters of 300 nm may
be obtained by drawing 1 denier (g/9000 m) fibers from the island in the sea type spinneret [52].
4.7. Centrifugal spinning
Centrifugal spinning method is proposed as a method that exceeds the limitations of other
nanofiber production methods such as available materials, production rate, safety, and cost
[76]. A polymer melt is fed toward a spinning head (with a rotational speed of approx. 3000
rpm) which forms the centrifugal force that is required for sufficient attenuation [77]. There is
an assistance of high velocity air during the transition of nanosize [76].Centrifugally spun
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biopolymer nanofibers were proposed as successful skin grafts with increased cell attach‐
ment and proliferation [78].
4.8. Electrospinning
Electrospinning is a simple peerless method that individual nanofibers can be formed
continuously. It allows production of functionality added nanofibers from polymer solu‐
tions/melts to be used in various applications. Since electrospinning equipment is cheap and
the process is simple, it is attractive for lots of researchers to produce nanofiber webs from a
wide range of polymers.
Figure 2. Schematic figure of (a) a coaxial needle and (b) an equipment with a rotating drum collector.
Basis of static electricity were laid by ancient Greeks. Thales of Miletus (630–550 BC) was the
one who realized the force created by amber (electron) on objects. The first written evidence
has been left by Theophrastus (374–287 BC) [79, 80]. William Gilbert has used an amber rod
for drawing water droplets [80, 81]. From the 1700s lots of researchers investigated the behavior
of droplets under electrostatic forces, electrospraying, stability of drawn jet, cone formation,
and so on [51]. Producing silk-like synthetic fibers was an important topic in the 1900s. In 1934,
Formhals took 11 patents about the subject. His mischance was the invention of polyamide
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with a higher output than proposed in Formhals’ methods [47]. As the academic interest
increased by the time, the method was developed by modifications in feeding and collecting
units as seen in Figure 2a and b, respectively. Coaxial needle provides feeding of two different
polymers or encapsulation of agents, drugs, or other bioactive materials inside the shell
polymer acting as a carrier. Rotating drum collectors develop the fiber structure, provide
molecular orientation, and make electrospinning easy with high angular velocity.
Figure 3. A photo of an electrospun mat.
The principle of electrospinning is drawing of nanofibers under the electrostatic forces created
with the usage of high voltage power supply and grounding placed on needle and collector,
respectively [82–85]. The steps encountered in the process may be classified into six groups:
the first one is the charging of polymer solution/melt causing a deformation on the droplet at
the tip and the formation of cone [86, 87]. The second one is the generation of jet by increas‐
ing charging. This causes a deformation in jet [86–88]. At the third stage, the straight jet segment
elongates [89, 90]. Deformation of straight jet segment, creation of instability, and continua‐
tion of elongation compose the fourth step [91, 92]. In the fifth step, solidification of nanofib‐
ers takes place by evaporation of solvent or cooling [87, 93]. And finally, fibers showing
buckling behaviors are collected on the collector [94].
As one can understand from the six basic steps of electrospinning, the rate of feeding, electric
field force acting on polymer solution/melt, and the flight distance of polymer jet are the key
parameters of electrospinning process. It is known that none of the parameters can be
evaluated independently from each other. In other words, there are optimum electrospin‐
ning parameters for every polymer solvent system or polymer melt. Since the adjustments of
these parameters are easy, it can be said that the method still maintains its position at the focus
of academic interest.
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Producing nanofibers quite easily from various polymers makes electrospinning and electro‐
spun products indispensible for a diverse set of applications. The electrospun nanofiber mats,
as shown in Figure 3, may be used in drug delivery systems, therapeutics, and body care
supplements [95].
5. Applications of nanofibers in cosmetics
Nanofibers take the advantage of their unique properties and have extensive usage in
cosmetics, tissue engineering, biomedical, filtering, composites, protective clothing, electri‐
cal and optical applications, sensors, and agriculture [80, 96]. Since nanotechnology allows
production of value-added products, cosmetics produced by nanotechnological methods have
attracted attention from every area. With the aid of nanofiber production methods, especial‐
ly by electrospinning, mats with controllable pore sizes and fiber diameters can be obtained.
Also, the novel approaches that have been shown to cosmetics led to consumption of more
conscious cosmetic products including therapeutic products and products for skin health and
renewal (such as facial masks for skin cleansing, skin healing, and skin therapy) [95, 97]. All
of the products mentioned above can be produced by using nanofibers. Applications of
nanofibers in cosmetics are described below.
5.1. Facial masks and skin cleansings
Fathi-Azarbayjani et al. have presented an antioxidant and anti-wrinkle nanofiber face mask.
They added ascorbic acid, retionic acid, collagen, and gold nanoparticles to the electrospin‐
ning solution and directly spun the fibers. In order to avoid from instability problems of
prewetted facial masks, they have designed a mask that will be wetted just before the
application. They indicated that wetting of masks will provide the release of agents from
nanofibrous mats and ensure high skin penetration due to the high surface area of nanofib‐
ers. Thus, they developed healthy appearance of skin [98]. Smith et al. have a patent related
to skin care mask. This mask is composed of nanofibers and can be used as a cleansing product
for overaccumulated oil on skin [99]. Also, skin revitalizing factors can also be impregnated
to nanofiber-based masks [95]. Kim designed a water soluble nanofiber layer for removal of
cosmetic ingredients. He argued that dissolution of nanofiber layer by water maximized
adhesion to the skin [100].
5.2. Skin health and renewal products
Researcher groups have attempted to electrospin nanofibers with various agents and investi‐
gate the effects on skin health. One of them produced cellulose acetate nanofibers by loading
vitamin A and E to the spinning solution. They have searched the dermal therapeutic effect of
vitamin loaded nanofiber mats as carriers. They compared the release of vitamins from the
nanofiber mats and cast films and have not come across with a burst release in nanofibers as
seen in cast films [101].
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Another study including the loading of vitamin E to silk fibroin nanofibers was conducted
in 2013. The researchers have argued that the mats presented in the study can be used as
personal skin care products since they enhance the survival of the L929 fibroblast cells during
in vitro tests [102].
5.3. Skin wound dressings and drug delivery products
Delivery of drugs to the skin can be considered in cosmetic applications, especially in
dermocosmetics. Sufficient delivery results were observed due to the higher surface area of
nanofibers [103]. A researcher group has prepared electrospun chitosan-based nanofiber mats
with Garcinia mangostana extracts. The agent has made the nanofiber mats antioxidant and
antibacterial. According to the in vivo wound healing test results, acceleration in wound
healing has been observed. They stated that these extract loaded chitosan nanofiber mats were
good candidates for dermal healing mats [104]. Charernsriwilaiwat et al. were the ones trying
to load lysozyme on chitosan nanofibers. Enhancement in wound healing was observed in in
vivo tests of Male Wistar rats [105]. Vargas et al. revealed that electrospun hyperbranched
polyglycerol nanofibers involving Calendula officinalis extract were suitable for wound dressing
materials. They investigated the water vapor permeability, cytotoxicity, and skin irritation
values and found that these nanofiber mats were proper for wound healing [106].
Silver nanoparticles are known as antimicrobial agents. Silver nanoparticles damage bacteria,
virus, and fungi, and so they can be used as wound healing agents [107]. Nguyen et al.
produced silver nanoparticles loaded with PVA electrospun fiber mats for wound healing.
High antibacterial activities against S. aureus and E. coli were observed that is important for
rapid wound healing [108]. Rujitanaroj et al. produced gelatin nanofibers with silver nano‐
particles. They recommended that these mats can be used as dressing materials for burn
wounds [109].
Epidermal growth factor added silk fibroin nanofiber mats were produced by electrospin‐
ning technique to improve wound healing process [110]. Also, Han et al. investigated
nanofiber-based dressing from poly(3-hydroxybutyrate-co-3-hydroxyvalerate) polymer. They
found that wound healing was supported at early stages by providing proper moist and
mechanical support to the wound environment [111].
Poly(L-lactic acid) nanofibers were obtained in another study as skin tissue scaffolds. The
success of the product was associated to the similarity of the structure of nanofibers to the extra
cellular matrix of the skin [112].
6. Conclusions
Nanofibers have great potentials for use in cosmetics. Advances in fiber production technol‐
ogies allow the design of new products for versatile usage in cosmetic applications. Increase
in the awareness of usage of cosmetics in skin care as well as in therapy and healing directs
researchers to conduct more research this field. It seems that nanofibers will continue to attract
attention in this specific application area for many years.
Nanofibers in Cosmetics
http://dx.doi.org/10.5772/64172
137
Author details
Fulya Yilmaz1, Gizem Celep2 and Gamze Tetik3*
*Address all correspondence to: gamze.dogan@usak.edu.tr
1 Graduate School of Natural and Applied Sciences, Usak University, Usak, Turkey
2 Faculty of Engineering, Department of Textile Engineering, Usak University, Usak, Turkey
3 Faculty of Engineering, Department of Materials Science and Nanotechnology Engineer‐
ing, Usak University, Usak, Turkey
References
[1] Chaudhri SK, Jain NK. History of cosmetics. Asian Journal of Pharmaceutics. 2009;3(3):
164–167. DOI: 10.4103/0973-8398.56292
[2] Yapar EA, Ölgen S. Cosmetics and in silico approaches. Journal of Marmara Universi‐
ty Institute of Health Sciences. 2014;4(4):253–260. DOI: 10.5455/musbed.
20140902023557
[3] Patil A, Sandewicz RW. Cosmetic science and polymer chemistry: Perfect together. In:
Patil A, Ferritto MS, editors. Polymers for Personal Care and Cosmetics. New Jersey:
Edison; 2013. p. 13–37. DOI: 10.1021/bk-2013-1148
[4] Chaudhri N, Soni GC, Prajapati SK. Nanotechnology: An advance tool for nano-
cosmetics preparation. International Journal of Pharma Research & Review. 2015;4(4):
28–40.
[5] Poletto FS, Beck RCR, Guterres SS, Pohlmann AR. Polymeric nanocapsules: Concepts
and applications. In: Beck R, Guterres S, Pohlmann A, editors. Nanocosmetics and
Nanomedicines. Berlin, Heidelberg: Springer; 2011. p. 49–68. DOI:
10.1007/978-3-642-19792-5
[6] Pokropivny V, Lohmus R, Hussainova I, Pokropivny A, Vlassov S. Introduction to
Nanomaterials and Nanotechnology. Estonia: University of Tartu; 2007. 225 p. ISBN:
978–9949–311–741–3
[7] Patel RP, Joshi JR. An overview on nanoemulsion: A novel approach. International
Journal of Pharmaceutical Sciences and Research. 2012;3(12):4640–4650. DOI: 10.13040/
IJPSR.0975-8232.3(12).4640-50
[8] Bhat P, Mulgund S. Nanocosmetics: An evolving trend. Indo American Journal of
Pharmaceutical Research. 2013;3(8):6549–6554. ISSN: 2231-6876
Nanofiber Research - Reaching New Heights138
[9] EU-Scenhir. Opinion on the scientific basis for the definition of the term nanomateri‐
al. 2010. http://ec.europa.eu/health/scientific_committees/emerging/docs/sce‐
nihr_o_032.pdf [Accessed: 2015-09-12].
[10] Ajazzuddin M, Jeswani G, Jha AK. Nanocosmetics: Past, present and future trends.
Recent Patents on Nanomedicine. 2015;5:3–11. DOI:
10.2174/1877912305666150417232826
[11] Karjomaa S. Applications of nanotechnology: Cosmetics, course on health effects of
engineered nanomaterials. In: Course on Health Effects of Engineered Nanomaterials.
Finnish Institute of Occupational Health [Internet]. Available from: http://www.ttl.fi/
partner/nanoturvallisuuskeskus/tapahtumat/Health_effects_on/Documents/Sari
%20Karjomaa%20-%20Nanomaterials%20in%20cosmetics.pdf [Accessed: 2015-09-12]
[12] Patravale VB, Mandawgade SD. Novel cosmetic delivery systems: An application
update. International Journal of Cosmetic Science. 2008;30:19–33. DOI: 10.1111/j.
1468-2494.2008.00416.x
[13] Devarajan V, Ravichandran V. Nanoemulsions: As modified drug delivery tool.
Pharmacie Globale International Journal of Comprehensive Pharmacy. 2011;4(2):1–6.
ISSN: 0976-8157
[14] Thakur A, Walia MK, Hari Kumar SL. Nanoemulsion in enhancement of bioavailabil‐
ity of poorly soluble drugs: A review. Pharmacophore. 2013;4(1):15–25. ISSN: 2229-5402
[15] Sharma S, Sarangdevot K. Nanoemulsions for cosmetics. International Journal of
Advanced Research in Pharmaceutical & Bio Sciences. 2012;2(3):408–415. ISSN:
2277-6222
[16] Özgün S. Nanoemulsions in cosmetics [Project Report]. Faculty of Engineering
Materials Science and Engineering Department, Anadolu University; 2013.
[17] Sharma N, Bansal M, Visht S, Sharma PK, Kulkarni GT. Nanoemulsion: A new concept
of delivery system. Chron Young Sci. 2010;1:2–6.
[18] Rajalakshmi R, Mahesh K, Ashok Kumar CK. A critical review on nano emulsions.
International Journal of Innovative Drug Discovery. 2011;1(1):1–8.
[19] Kela SK, Kaur CD. Pharmaceutical nanoemulsions an ardent carrier for drug deliv‐
ery. Indo American Journal of Pharmaceutical Research. 2013;3(11):9202–9212. ISSN:
2231-6876
[20] Nohynek GJ, Lademann J, Ribaud C, Roberts MS. Grey goo on the skin? Nanotechnol‐
ogy, cosmetic and sunscreen safety. Critical Reviews in Toxicology. 2007;37:251–277.
DOI: 10.1080/10408440601177780
[21] Morganti P. Use and potential of nanotechnology in cosmetic dermatology. Clinical,
Cosmetic and Investigational Dermatology. 2010;3:5–13.
[22] Lochhead RY. The role of polymers in cosmetics: Recent trends. In: Morgan SE, Havelka
KO, Lochhead RY, editors. Cosmetic Nanotechnology. Washington DC: ACS
Nanofibers in Cosmetics
http://dx.doi.org/10.5772/64172
139
Symposium Series, American Chemical Society; 2007. p. 3–45. DOI: 10.1021/
bk-2007-0961.ch001
[23] Sonneville-Aubrun O, Simonnet JT, L’Alloret F. Nanoemulsions: A new vehicle for
skincare products. Advances in Colloid and Interface Science. 2004;108–109:145–149.
DOI: 10.1016/j.cis.2003.10.026
[24] Shah P, Bhalodia D, Shelat P. Nanoemulsion: A pharmaceutical review. Systematic
Reviews in Pharmacy. 2010;1(1):24–32. DOI: 10.4103/0975-8453.59509
[25] Abolmaali SS, Tamaddon AM, Farvadi FS, Daneshamuz S, Moghimi H. Pharmaceuti‐
cal nanoemulsions and their potential topical and transdermal applications. Iranian
Journal of Pharmaceutical Sciences. 2011;7(3):139–150.
[26] Zülli F, Belser E, Schmid D, Liechti C, Suter F. Preparation and properties of coen‐
zyme Q10 nanoemulsions. 2006. [Internet] Available from: http://www.cosmeticscien‐
cetechnology.com/articles/samples/1111.pdf [Accessed: 2016-06-25]
[27] Yechiel E, Coste RL. From ancient potions to modern lotions. A technology overview
and introduction to topical delivery systems. In: Rosen MR, editor. Delivery System
Handbook for Personal Care and Cosmetic Products, Technology, Applications, and
Formulations. Norwich: William Andrew Publishing; 2005. 130 p. ISBN:
978-0-8155-1504-3
[28] Mozafari MR, Johnson C, Hatziantoniou S, Demetzos C. Nanoliposomes and their
applications in food nanotechnology. Journal of Liposome Research. 2008;18(4):309–
327. DOI: 10.1080/08982100802465941
[29] Khosravi-Darani K, Mozafari MR. Nanoliposome potentials in nanotherapy: A concise
overview. International Journal of Nanoscience and Nanotechnology. 2010;6(1):3–13.
[30] Kundu AK, Hazari S, Chinta DD, Pramar YV, Dash S, Mandal TK. Development of
nanosomes using high-pressure homogenization for gene therapy. Journal of
Pharmacy and Pharmacology. 2010;62:1103–1111. DOI: 10.1111/j.
2042-7158.2010.01140.x
[31] Mozafari MR. Nanoliposomes: Preparation and analysis. In: Weissig V, editor.
Liposomes, Methods and Protocols. United States: Humana Press, Methods in
Molecular Biology 605; 34 2009. 29–50 p. Online ISBN: 978-1-60327-360-2
[32] Challenge Biomedical Science – Nanotechnology [Internet]. Available from: http://
www.w5online.co.uk/education/teachers-toolbox/nanotechnology/?download=1&
resource=21 [Accessed: 2016-03-01].
[33] Lohani A, Verma A, Joshi H, Yadav N, Karki N. Review article: Nanotechnology-based
cosmeceuticals. ISRN Dermatology. 2014;Article ID 843687:1–14. DOI:
10.1155/2014/843687
[34] Wang H. Development of silica-based nanopigments [Thesis]. Aachen University; 2012.
Nanofiber Research - Reaching New Heights140
[35] Nejad FM, Basghshahi S, Bakhtiari L. Advantages of nano pigments over micro
pigments in obtaining larger spectra of colours in CMYK system. Transactions of the
Indian Ceramic Society. 2011;70(2):93–99. DOI: 10.1080/0371750X.2011.10600154
[36] Ahmed IS, Shama SA, Dessouki HA, Ali AA. Synthesis, thermal and spectral charac‐
terization of nanosized NixMg1−xAl2O4 powders as new ceramic pigments via combus‐
tion route using 3-methylpyrozole-5-one as fuel. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy. 2011;81:324–333. DOI: 10.1016/j.saa.2011.06.019
[37] Loreal 2006 Sustainable Development Report [Internet]. 2006. Available from: http://
aeca.es/old/comisiones/rsc/biblioteca_memorias_rsc/publicadas_07/loreal_2006.pdf
[Accessed: 2016-02-25].
[38] Bhat P, Mulgund S. Nanocosmetics: An evolving trend. Indo American Journal of
Pharmaceutical Research. 2013;3(8):6549–6554. ISSN: 2231-6876
[39] Pal TK, Mondal O. Prospect of nanotechnology in cosmetics: Benefit and risk assess‐
ment. World Journal of Pharmaceutical Research. 2014;3(2):1909–1919. ISSN: 2277-7105
[40] Shaista A. Applications of nano-pigments. [Internet]. 2015. Available from: http://pcs
online.pk/pages/Presentation-2015.html [Accessed: 2016-02-05]
[41] Houck MM. Identification of Textile Fibers, 1st ed. Chichester: Woodhead Publishing;
2009. 396 p. ISBN: 9781845695651
[42] Rocco MC, William RS, Alivisiatos P. Nanotechnology Research Directions: IWGN
Workshop Report, National Science and Technology Council, September 1999.
[43] Frenot A, Chronakis IS. Polymer nanofibers assembled by electrospinning. Current
Opinion in Colloid and Interface Science. 2003;8:64–75. DOI: 10.1016/
S1359-0294(03)00004-9
[44] Ko FI. Nanofiber technology: Bridging the gap between nano and macro world, in
NATO ASI. In: Guceri S, Gogotsi YA, editors. Nanoengineered Nanofibrous Materials.
Chichester: Kluwer Academic Publishers; 2004. 18 p. DOI: 10.1007/978-1-4020-2550-1_1
[45] Huang ZM, Zhang YZ, Kotaki M, Ramakrishna S. A review on polymer nanofibers by
electrospinning and their applications in nanocomposites. Composite Science and
Technology. 2003;63:2223–2253. DOI: 10.1016/S0266-3538(03)00178-7
[46] Graham K, Schreuder-Gibson H, Gogins M. Incorporation of electrospun nanofibers
into functional structures. Technical Association of the Pulp & Paper Industry,
September 15–18, Baltimore, MD, 2003. 16 p.
[47] Subbiah T, Bhat GS, Tock RW, Parameswaran S, Ramkumar SS. Electrospinning of
nanofibers. Journal of Applied Polymer Science. 2005;96:557–569. DOI: 10.1002/app.
21481
Nanofibers in Cosmetics
http://dx.doi.org/10.5772/64172
141
[48] Huang C, Wang S, Zhang H, Li T, Chen S, Lai C, Hou H. High strength electrospun
polymer nanofibers made from BPDA–PDA polyimide. European Polymer Journal.
2006;42:1099–1104. DOI: 10.1016/j.eurpolymj.2005.11.005
[49] Dreno B, Araviiskaia E, Berardesca E, Bieber T, Hawk J, Sanchez-Viera M, Wolken‐
stein P. The science of dermocosmetics and its role in dermatology. Journal of the
European Academy of Dermatology and Venereology. 2014;28(11):1409–1417. DOI:
10.1111/jdv.12497
[50] Agarwal S, Wendorff JH, Greiner A. Use of electrospinning technique for biomedical
applications. Polymer. 2008;49:5603–5621. DOI: 10.1016/j.polymer.2008.09.014
[51] Doğan G. An investigation of potential applications of espun biopolymer nanofibers
in tissue engineering and drug release [Thesis]. Ege University; 2012. 184 p.
[52] Zhou FL, Gong RH. Manufacturing technologies of polymeric nanofibres and nanofi‐
bre yarns. Polymer International. 2008;57:837–845. DOI: 10.1002/pi.2395
[53] Cloutier S, Manuel LM. Flash spinning process for forming strong discontinuous fibres.
US Patent 5415818; 1995.
[54] Zhang X, Baughman CB, Kaplan DL. In vitro evaluation of electrospun silk fibroin
scaffolds for vascular cell growth. Biomaterials. 2008;29:2217–2227. DOI: 10.1016/
j.biomaterials.2008.01.022
[55] Palmer LC, Stupp IS. Molecular self-assembly into one-dimensional nanostructures.
Accounts of Chemical Research. 2008;41(12):1674–1684. DOI: 10.1021/ar8000926
[56] Ramakrishna S, Fujihara K, Teo WE, Lim TC, Ma Z. An Introduction to Electrospin‐
ning and Nanofibers. Chichester: World Scientific Publishing; 2005. 382 p. ISBN:
9812564152, 9789812564153
[57] Liebmann B, Hümmerich D, Scheibel T, Fehr M. Formulation of poorly water-soluble
substances using self-assembling spider silk protein. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 2008;331(1–2):126–132. DOI: 10.1016/
j.colsurfa.2008.04.005
[58] Ondarçuhu T, Joachim C. Drawing a single nanofibre over hundreds of microns.
Europhysics Letters. 1998;42(2):215–220. DOI: 10.1209/epl/i1998-00233-9
[59] Nain AS, Wong JC, Amon C, Sitti M. Drawing suspended polymer micro/nanofibers
using glass micropipettes. Appeared in Applied Physics Letters. 2006;89(18):183105–
183107. DOI: 10.1063/1.2372694
[60] Bajáková J, Chaloupek J, Lukáš D, Lacarin M. Drawing—The Production of Individu‐
al Nanofibers by Experimental Method, 3rd International Conference, Brno, Czech
Republic; 21–23 September 2011.
[61] Chen T, Li L, Huang X. Predicting the fibre diameter of meltblown nonwovens:
Comparison of physical, statistical and artificial neural network models. Modelling and
Nanofiber Research - Reaching New Heights142
Simulation in Materials Science and Engineering. 2005;13:575–584. DOI:
10.1088/0965-0393/13/4/008
[62] Ellison CJ, Phatak A, Giles DW, Macosko CW, Bates FS. Meltblown nanofibers: Fiber
diameter distributions and onset of fiber breakup. Polymer. 2007;48:3306–3316. DOI:
10.1016/j.polymer.2007.04.005
[63] Hills Inc. 2016. http://hillsinc.net/assets/pdfs/melt-blown.pdf [Accessed: 2016-02-01].
[64] Hassan MA, Yeom BY, Wilkie A, Purdeyhimi B, Khan SA. Fabrication of nanofiber
meltblown membranes and their filtration properties. Journal of Membrane Science.
2013;427:336–344. DOI: 10.1016/j.memsci.2012.09.050
[65] Bhat G. Meltblown submicron fibers for filter media and other applications. Interna‐
tional Fiber Journal. 2015. April/ May 2015. [Internet]. 2015. Available from: http://
www.fiberjournal.com/featured-articles/meltblown-submicron-fibers-for-filter-
media-and-other-applications/ [Accessed: 2016-02-01].
[66] Amundson JD, Abuto FP, Clare TP, Foley EJ, Winder EM, Schmidt PR, Joseph WR,
McDonald DL. Wet wipes dispensing system. US Patent 7850041B2; 2010.
[67] Vogt CM, Cohen B, Ellis CJ. Multiple application meltblown nonwoven wetwipe and
method. US Patent 5656361 A; 1997.
[68] Choi BK, Lee JH. Mask pack. US Patent 20140352031 A1; 2014.
[69] Huczko A. Template-based synthesis of nanomaterials. Applied Physics A.
2000;70:365–376. DOI: 10.1007/s003390000440
[70] Tao SL, Desai TA. Aligned arrays of biodegradable poly(epsilon-caprolactone)
nanowires and nanofibers by template synthesis. Nano Letters. 2007;7(6):1463–1468.
DOI: 10.1021/nl0700346
[71] Smith LA, Ma PX. Nano-fibrouss caffolds for tissue engineering. Colloids and Surfaces
B: Biointerfaces. 2004;39:125–131. DOI: 10.1016/j.colsurfb.2003.12.004
[72] Liu X, Ma PX. Phase separation, pore structure, and properties of nanofibrous gelatin
scaffolds. Biomaterials. 2009;30:4094–4103. DOI: 10.1016/j.biomaterials.2009.04.024
[73] Fisher WB, Kim DW, Norwood OW, Showers JW, Swanson EA. Gene Clyde Weedon.
Apparatus for melt-spinning synthetic fibers. US Patent 3936253 A; 1977.
[74] Kikutani T, Radhakrishnan J, Arikawa S, Takaku A, Okui N, Jin X, Niwa F, Kudo Y.
High-speed melt spinning of bicomponent fibers: Mechanism of fiber structure
development in poly(ethy1ene terephthalate)/polypropylene system. Applied Polymer
Science. 1996;62:1913–1924. DOI: 10.1002/(SICI)1097-4628(19961212)62:11<1913::AID-
APP16>3.0.CO;2-Z
[75] Zhang X. Fundamentals of Fiber Science. Chichester: DEStech Publications; 2014. 426
p. ISBN: 1605951196, 9781605951195
Nanofibers in Cosmetics
http://dx.doi.org/10.5772/64172
143
[76] Zhang X, Lu Y. Centrifugal spinning: An alternative approach to fabricate nanofibers
at high speed and low cost. Polymer Reviews. 2014;54(4):677–701. DOI:
10.1080/15583724.2014.935858
[77] Weitz RT, Harnau L, Rauschenbach S, Burghard M, Kern K. Polymer nanofibers via
nozzle-free centrifugal spinning. Nano Letters. 2008;8(4):1187–1191. DOI: 10.1021/
nl080124q
[78] Ren L, Pandit V, Elkin J, Denman T, Cooper JA, Kotha SP. Large-scale and highly
efficient synthesis of micro- and nano-fibers with controlled fiber morphology by
centrifugal jet spinning for tissue regeneration. Nanoscale. 2013;5:2337–2345. DOI:
0.1039/C3NR33423F
[79] Lang SB. The history of pyroelectricity: From ancient Greece to space missions.
Ferroelectrics. 1999;230(1):99–108. DOI: 10.1080/00150199908214903
[80] Zhang S. Mechanical and physical properties of electrospun nanofibers [Thesis]. North
Carolina State University; 2009. 72 p.
[81] Pumfrey S. I William Gilbert, 6-20. In: Harman P, Mitton S, editors. Cambridge Scientific
Minds, 1st ed. Cambridge: Cambridge University Press; 2002. 352 pp.
[82] Tripatanasuwan S, Zhong Z, Reneker DH. Effect of evaporation and solidification of
the charged jet in electrospinning of poly(ethylene oxide) aqueous solution. Polymer.
2007;48:5742–5746. DOI: 10.1016/j.polymer.2007.07.045
[83] Doshi J, Reneker DH. Electrospinning process and applications of electrospun fibers.
Journal of Electrostatics. 1995;35(2–3):151–160. DOI: 10.1016/0304-3886(95)00041-8
[84] Zeng J. Meso- and nano- scaled polymer fibers and tubes, fabrication, functionaliza‐
tion and characterization [Thesis]. Fachbereich Chemie der Philipps-Universität
Marburg; 2003. p. 7–9.
[85] Teo WE, Ramakrishna S. A review on electrospinning design and nanofibre assem‐
blies. Nanotechnology. 2006;17:89–106. DOI: 10.1088/0957-4484/17/14/R01
[86] Reneker DH, Yarin AL. Electrospinning jets and polymer nanofibers. Polymer.
2008;49:2387–2425. DOI: 10.1016/j.polymer.2008.02.002
[87] Lukáš D, Sarkar A, Martinová L, Vodsed’álková K, Lubasová D, Chaloupek J, Pokorný
P, Mikeš P, Chvojka J, Komárek M. Physical principles of electrospinning (electrospin‐
ning as a nano-scale technology of the twenty-first century). Textile Progress.
2009;41(2):59–140. DOI: 10.1080/00405160902904641
[88] Rangkupan R, Reneker DH. Electrospinning process of molten polypropylene in
vacuum. Journal of Metals, Materials and Minerals. 2003;12(2):81–87.
[89] Mit-uppatham C, Nithitanakul M, Supaphol P. Ultrafine electrospun polyamide-6
fibers: Effect of solution conditions on morphology and average fiber diameter.
Nanofiber Research - Reaching New Heights144
Macromolecular Chemistry and Physics. 2004;205:2327–2338. DOI: 10.1002/macp.
200400225
[90] Wannatong L, Sirivat A, Supaphol P. Effects of solvents on electrospun polymeric
fibers: Preliminary study on polystyrene. Polymer International. 2004;53:1851–1859.
DOI: 10.1002/pi.1599
[91] Reneker DH, Yarin AL, Fong H, Koombhongse S. Bending instability of electrically
charged liquid jets of polymer solutions in electrospinning. Journal of Applied Physics.
2000;87(9):4531–4547. DOI: 10.1063/1.373532
[92] Shin Y, Hohman M, Brenner M, Rutledge G. Electrospinning: A whipping fluid jet
generates submicron polymer fiber. Applied Physics Letters. 2001;78(8):1149–1151.
DOI: 10.1063/1.1345798
[93] Bhardwaj N, Kundu SC. Electrospinning: A fascinating fiber fabrication technique.
Biotechnology Advances. 2010;28:325–347. DOI: 10.1016/j.biotechadv.2010.01.004
[94] Han T, Reneker DH, Yarin AL. Buckling of jets in electrospinning. Polymer.
2007;48:6064–6076. DOI: 10.1016/j.polymer.2007.08.002
[95] Ramakrishna S, Fujihara K, Teo WE, Yong T, Ma Z, Ramaseshan R. Electrospun
nanofibers: Solving global issues. Materials Today. 2006;9(3):40–50. DOI: 10.1016/
S1369-7021(06)71389-X
[96] De Vrieze S, De Clerk K. 80 Years of Electrospinning. 5 p. 2009; https://biblio.ugent.be/
publication/767594 [Accessed: 2016-02-01].
[97] Khayet M, Matsuura T. Membrane Distillation: Principles and Applications. Amster‐
dam: Elsevier; 2011. p. iii. DOI: 10.1016/B978-0-444-53126-1.10017-X
[98] Fathi-Azarbayjani A, Qun L, Chan YW, Chan SY. Novel vitamin and gold-loaded
nanofiber facial mask for topical delivery. AAPS PharmSciTech. 2010;11(3):1164–1170.
DOI: 10.1208/s12249-010-9475-z
[99] Smith D, Reneker D, Kataphinan W, Dabney S. Electrospun skin masks and uses
thereof. European Patent EP 1 221 927 B1; 2002.
[100] Kim C. Cosmetic sheet formed from nanofiber with controlled dissolution velocity and
method of manufacturing the same. US Patent 20150272855; 2015.
[101] Taepaiboon P, Rungsardthong U, Supaphol P. Vitamin-loaded electrospun cellulose
acetate nanofiber mats as transdermal and dermal therapeutic agents of vitamin A acid
and vitamin E. European Journal of Pharmaceutics and Biopharmaceutics. 2007;67(2):
387–397. DOI: 10.1016/j.ejpb.2007.03.018
[102] Sheng X, Fan L, He C, Zhang K, Mo X, Wang H. Vitamin E-loaded silk fibroin nanofi‐
brous mats fabricated by green process for skin care application. International Journal
of Biological Macromolecules. 2013;56:49–56. DOI: 10.1016/j.ijbiomac.2013.01.029
Nanofibers in Cosmetics
http://dx.doi.org/10.5772/64172
145
[103] Zanin MHA, Cerize NNP, Oliveira AM. Production of nanofibers by electrospinning
technology: Overview and application in cosmetics. In: Beck R, Guterres S, Pohlmann
A, editors. Nanocosmetics and Nanomedicines New Approaches for Skin Care.
Chichester: Springer; 2011. pp. 311–332. DOI: 10.1007/978-3-642-19792-5
[104] Charernsriwilaiwat N, Rojanarata T, Ngawhirunpat T, Sukma M, Opanasopit P.
Electrospun chitosan-based nanofiber mats loaded with Garcinia mangostana ex‐
tracts. International Journal of Pharmaceutics. 2013;452(1–2):333–343. DOI: 10.1016/
j.ijpharm.2013.05.012
[105] Charernsriwilaiwat N, Opanasopit P, Rojanarata T, Ngawhirunpat T. Lysozyme-
loaded, electrospun chitosan-based nanofiber mats for wound healing. International
Journal of Pharmaceutics. 2012;427(2):379–384. DOI: 10.1016/j.ijpharm.2012.02.010
[106] Torres Vargas EA, Vale Baracho NC, Brito J, Queiroz AAA. Hyperbranched polygly‐
cerol electrospun nanofibers for wound dressing applications. Acta Biomaterialia.
2010;6:1069–1078. DOI: 10.1016/j.actbio.2009.09.018
[107] Sridhar R, Sundarrajan S, Venugopar JV, Ravichandran R, Ramakrishna S. Electro‐
spun inorganic and polymer composite nanofíbers for biomédical applications. Journal
of Biomaterials Science, Polymer Edition. 2013;4(24):365–385. DOI:
10.1080/09205063.2012.690711
[108] Nguyen TH, Kim YH, Song HY, Lee BT. Nano Ag loaded PVA nano-fibrous mats for
skin applications. Journal of Biomedical Materials Research B: Applied Biomaterials.
2011;96b:225–233. DOI: 10.1002/jbm.b.31756
[109] Rujitanaroj P, Pimpha N, Supaphol P. Wound-dressing materials with antibacterial
activity from electrospun gelatin fiber mats containing silver nanoparticles. Polymer.
2009;49:4723–4732. DOI: 10.1016/j.polymer.2008.08.021
[110] Schneider A, Wang XY, Kaplan DL, Garlick JA, Egles C. Biofunctionalized electro‐
spun silk mats as a topical bioactive dressing for accelerated wound healing. Acta
Biomaterialia. 2009;5(7):2570–2578. DOI: 10.1016/j.actbio.2008.12.013
[111] Han I, Shim KJ, Kim JY, Im SU, Sung YK, Kim M, Kang IK, Kim JC. Effect of poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) nanofiber matrices cocultured with hair
follicular epithelial and dermal cells for biological wound dressing. Artificial Organs.
2007;31:801–808. DOI: 10.1111/j.1525-1594.2007.00466.x
[112] Mohiti-Asli M, Pourdeyhimi B, Loboa EG. Novel, silver-ion-releasing nanofibrous
scaffolds exhibit excellent antibacterial efficacy without the use of silver nanoparti‐
cles. Acta Biomaterialia. 2014;10:2096–2104. DOI: 10.1016/j.actbio.2013.12.024
Nanofiber Research - Reaching New Heights146
